Abstract: In this communication, we studied whether 3D-CT angiography (3D-CT A) gives us enough information for a safe operation without those from conventional catheter angiography (CCA) in patients with ruptured aneurysms.
INTRODUCTION
In 1927, roentgenologic imaging of cerebral vessels with contrast medium first introduced by a Portuguse neurologist, Egas Moniz!), remains the diagnostic gold standard in the field of neurosurgery. Initially, the cerebral angiography was performed by percutanenous direct puncture of the cervical carotid artery or vertebral artery. Later, the cerebral angiographs were obtained by puncturing the femoral artery and inserting a catheter; this less invasive method is now routinely applied in the diagnosis of central nervous system disorders 2 ). Although the introduction of non-ionic contrast material decreased the incidence of side effects, the patients undergoing the cerebral angiography require anesthesia and bed rest for a few hours after the examination. Even when skilled examiners perform it with great care, the rate of complications has been reported to be 0.25 to 1%3.4) and is higher in elderly patients 5 ) . Bendszus et at. documented that diffusion-weighted MRI performed immediately after conventional catheter angiography (CCA) depicted silent embolisms in approximately 26% of patients 6 ) , indicating that the complication rate of CCA were more frequent than that of the apparent neurological deficits.
Dramatic improvements in the image quality of MR and 3D-CT angiography (MRA, 3D-CT A) resulted in improved diagnostic accuracy. The ability to diagnose cerebral aneurysms is reported to be 90-97%7.8) on MRA and 95-100%9-11) on 3D-CT A. In the acute stage of subarachnoid hemorrhage (SAH), MRA is less appropriate than 3D-CT A because it involves a longer examination time, necessitates moving the patient to an MRI table after the acquisition of unenhanced CT scans, raises the possibility of missing large aneurysms due to turbulence or low blood flow in the vascular lumen, and does not yield images of bone. Therefore, as the information on MRA is not satisfactory, we consider 3D-CT A a more suitable modality in patients scheduled for aneurysm surgery. Recently, in some institutions, the ruptured aneurysm surgery is performed on the basis of 3D-CT A findings alone8.11-13).
In our preliminary study, we evaluated 60 patients with ruptured aneurysms prospectively evaluated with both 3D-CT A and CCA, with 3D-CT A we detected all the ruptured aneurysms that we did with CCA, and demonstrated 100% diagnostic accuracy in ruptured aneurysms 14 ) . Based on this high sensitivity and specificity of 3D-CT A in the cerebral aneurysm detection, we have performed aneurysm surgery on the basis of 3D-CT A findings alone. In the present study, we discuss whether 3D-CT A can replace CCA in the examination of patients with ruptured cerebral aneurysms and whether the surgery can be performed safely based on 3D-CT A findings alone.
MA TERIALS AND METHODS
Between December 1996 and September 2005, 167 patients with subarachnoid hemorrhage (SAH) were admitted to our hospital. Of the 167 patients, five were excluded from this study because their condition was too critical for us to perform 3D-CT A. Therefore, the population enrolled in this study was 162 patients. Sixtythree were man and 99 were woman whose ages ranged from 25 to 90 years. Informed consent was obtained from the patients or their relatives if the patients had difficulty in responding on their own. Each patient's clinical condition was classified just prior to surgery on the World Federation of Neurosurgical Societies grading scale 14 ) (Table 1) .
We have performed surgery for 162 patients with ruptured aneurysm based on information acquired by 3D-CT A alone. The scans were obtained within 24 hours of the initial bleed and all ruptured aneurysms were surgically treated within 72 hours after the bleeding onset.
Of the 162 patients, 105 were scanned with a helical CT scanner (X vigor; Toshiba Corp., Tokyo, Japan; December 1996-December 2000) and the other 57 were done with a helical CT scanner (Aquilion; Toshiba Corp., Tokyo, Japan; January 2001-September 2005). All patients were first evaluated with an unenhanced CT scan immediately followed by a helical CT scan. During unenhanced and helical CT scanning, mild sedative drugs were given to patients who were unable to remain at rest during the examinations. The scan parameters were as follows: 135 kV; 200 rnA or 260 rnA; 1 or 0.5-mm slice thickness; 1 mm/sec or 0.5 mm/sec table speed; 0.5 mm or 0.3 mm reconstruction pitch; and 180 degree reconstruction interposition. Nonionic contrast medium (Iomeprol [Iomeron, 350 mg/mI] or Iopamidol [Iopamilon, 370 mg/ml]) was injected continuously at a rate of 3 mIl Using 3D-CT A, we detect ed 162 ruptured and 64 unruptured aneurysms. The distribution of the aneurysms' locati on and size are shown in Table 2 . All ruptured aneurysms were confirmed at surger y and successfully treated. At surgery, we also confirmed the presence of 42 of 64 unruptured aneurysms detected on 3D-CT A. The remaining 22 unruptured aneurysms were not verified because the operative field for ruptured aneurysms was not the same as that for unruptured aneurysms. Comparing to the intraoperat ive findings, there were no false negative cases on 3D-CT A. CCA was performed in nine (5.6%) of the 162 patients after 3D-CT A. The reasons why CCA was needed were as fo llows. In four patients with dissecting vertebral artery (VA) aneurysms, we needed information on true and fa lse lumens of the V A aneurysm that 3D-CTA had not provided. In two patients with a basilar tip aneurysm, CCA was performed to acquire the information on the perforators arising from the tip of the basilar artery because 3D-CT A was not able to visualize them. H owever, the surgery for basilar bifurcation aneurysms has been performed on the basis of 3D-CT A alone since we understood that we could confirm the perforators during surgery. In one patient who had a 0.8 -mm basilar artery-superior cerebellar arter y (BA -SCA) aneurysm detected on targeted 3D-CT A, CCA was performed to confirm this finding (Fig. 1) . One patient with prior surgery for a ruptured BA-SCA aneurysm was admitted with recurrent SAH. As 3D-CT A fai led to demonstrate the entire shape of aneurysm due to clip-induced artifact, we added CCA to obtain this information (Fig. 2) . Lastly, in the case of an internal carotid-posterior communicating arter y aneurysm, motion artifact rendered the diagnosis on 3D-CT A scans difficult; the necessary information was demonstrated on CCA. By suppressing the patient's head, 3D-CT A depicted the aneurysm (Fig. 3) . During surgery of ruptured a neurysms, we did not encounter incidental unruptured aneurysms that might not have been visua li zed on 3D-CT A. The lack of information on CCA did not induce a ny neurological deficits or difficulties in the surgical procedure. There were no compli cations associated with t he performance Patients with ruptured cerebral aneurysms requ ire a quick and accurate diagnosis and appropriate management. 3D-CT A produced the three-dimensional vascular images within approx imately 15 minutes by sca nning with an intravenous inj ection of contrast medium. The omission of the cerebral ang iography decreased the time between arrival at the hos pi tal and surger y to a n average of 90 min. Ea rl y surgery prevents rebleeding and fac ili tates subsequent aggressive ther apy to avo id vasospasm.
For aneur ysm surgery based on 3D-CT A findings a lone, hi gh diagnostic accuracy compatible with conventional angiography is definitely required. In our prelimin ary study, a ll the ruptured aneurysms detected on 3D-CT angiography were conilrmed at surger y13,15) This study indi ca ted that the diagnostic accuracy of the 3D-CT A for ruptured aneurysms based on the intraoperati ve findings was 100 %, therefore, the diagnostic ability of the 3D-CT A is comparable to CCA.
Information of 3D-CT A allowed us to understand the configuration of the aneurysm, the relationship of its neck to the parent artery and surrounding vessels. We found that surgical simulation images were especially helpful for determining the most appropriate surgical approach, for intraoperative orientation, and they increased the safety of the surgery.
The minimum size of an aneurysm detected on 3D-CT A varies depending on the helical CT scanner used. According to the previous reports, the smallest aneurysm detected on 3D-CT A is likely to be approximately 2 mm in diameter l6 .17). In our series, however, the smallest aneurysm visualized on 3D-CT A was 0.8 mm in diameter l3 • l5 ). Our results were superior to those reported in the previous studies. These variations in detectability may be caused by technical difference. With our experience and practice the diagnostic sensitivity for small aneurysms might improve diagnostic accuracy.
3D-CT A has some limitations compared to CCA. First, vessels smaller than 1 mm in diameter, such as perforating arteries, are not consistently visualized on 3D-CT A. To identify these perforating arteries is certainly very important for surgery, however, CCA is not always able to demonstrate all of them either. Therefore, the surgeons must endeavor to confirm them under the operative microscope as much as possible. The most important is to diagnose precisely the presence of ruptured aneurysms without fail. Second, 3D-CT A does not supply dynamic information of the cerebral circulation, such as collateral flow. Last, the aneurysms located close to the skull base may not be visible against the bony structures, which is a disadvantage when using 3D-CT A, but the findings of the three-dimensional anatomical relation of the aneurysm to the skull can be an advantage for surgery.
Considering the aforementioned characteristics of 3D-CT A, we believe that surgery for almost all the ruptured aneurysms can be performed using 3D-CT A, except for the following cases in which CCA is required. 1) In patients in whom cerebral infarction is shown on unenhanced CT, CCA is required to evaluate stenoses or occlusions of the intracranial arteries, cervical carotid or vertebral arteries. 2) In patients with giant or large aneurysms scheduled for bypass surgery, the hemodynamic information provided by CCA is necessary. Likewise, CCA is needed to acquire information on perforating arteries surrounding the aneurysm because it is difficult to identify these vessels during surgery. 3) For the aneurysms close to bony structures, such as cavernous portion aneurysms, CCA is necessary to obtain precise diagnosis. 4) In patients with dissecting aneurysms, CCA findings of true and false lumen are needed for surgical treatment. 5) If there is a discrepancy between the distribution of SAH on unenhanced CT findings and the location of the aneurysm on 3D-CT A, it is necessary to rule out the presence of another aneurysm in the area of the hemorrhage.
Hoh et at. reported that 88 of 109 SAH patients (81%) could be operated based on 3D-CT A findings alone l !). In 16 (15%) of patients, they performed CCA to obtain additional information on the anatomy of the aneurysm, particularly its neck and relationship to adjacent vessels. In 5 (5%), they required CCA because 3D-CT A failed to reveal cerebrovascular lesions. However, CCA also demonstrated no cerebrovascular lesions. We propose that CCA can be omitted because we are able to confirm the information on the aneurysm neck and the relationship to adjacent vessels during surgery. In the series reported by Hoh et al. the proportion of patients operable based on 3D-CTA findings alone was smaller than in our studyll). In our experience, the lack of the information did not lead to difficulties in surgical procedures and affect the surgical outcomes. Ours is the first large series of operated patients with ruptured cerebral aneurysms that demonstrates a high rate of success with a prospective protocol that replaces CCA with 3D-CT A.
The diagnostic value of 3D-CT A was compatible with CCA. 3D-CT A studies yielded useful information for aneurysm surgery. Based on our findings, we suggest that 3D-CT A can replace CCA in the diagnosis of ruptured aneurysms and that surgery can be performed in almost all ruptured aneurysms by using only 3D-CT A without CCA.
